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(57) ABSTRACT

Embodiments of the invention relate to a method for detecting
the critical situation of a subject that comprises measuring a
physiological parameter of the subject. The method includes
(a) measuring the physiological parameter; (b) calculating a
variation rate of the physiological parameter; (c) determining
asynthesis variable for the physiological parameter by taking
into account both the value of the parameter and the variation
rate thereof; and (d) detecting a critical situation from the
synthesis variable. Steps (a) to (¢) may be implemented for at
least two physiological parameters, and the method may fur-
ther include determining a global decision variable from the
different synthesis variables, the critical situation being
detected during step (d) from the global decision variable.
Embodiments of the invention can be used for improving the
detection of accidents or health problems, particularly for the
elderly at their places of residence.

300
3Z2a 32b 3?0 Sgd 32
SSRSRSY SR B SN S W

t i 1 T i

1 I )

} {
31 30 33
/ AR

uc

W e e v AN A G W e S S R WP SR W O W = e e -

S v i G e B G N gen B W W G W b e N MR Ah Em e e R S e amn e &




Patent Application Publication  Oct. 14,2010 Sheet 1 of 2 US 2010/0261982 A1

FIG. 1

300
3/261 32b 3’20 S%d 32e
S B 0 S
. i '
l | !
]
i ] |
l | | '
[ ! ! |
: i
! '
: '
by 30 B
| —t ; Sy
' ;
! 1
i uc i
' i
! }
! (
{ )
! 1
" 36 !
: \i 1
!
: 1
b o o R o -
34
35

T gl




Patent Application Publication

Oct. 14,2010 Sheet2 of 2 US 2010/0261982 A1

10
i
FIG. 2
i2
VAP
14
13
" APs APSAPS
16
’ >
T P P>Ph
18 A
17 )(
S P<Ph
111
e
VA
D D D PO
20 22
/ Y y /
! ' 24
U /
D ]
O
0 53 25
gmixDi > Fusior|1 fall

no fall



US 2010/0261982 Al

METHOD AND APPARATUS FOR
DETECTING A CRITICAL SITUATION OF A
SUBJECT

[0001] The present invention relates to a process and device
for detecting a critical situation of a subject.

[0002] Detection of a critical situation of a subject can
prove useful in numerous cases, for example in the case of
aged or infirm persons. Aged persons often live alone and in
the event of an accident, such as a fall, they can be incapable
of asking for help. These people may also encounter a health
problem during their daily life or when asleep. It is therefore
useful to provide automatic detection systems of critical situ-
ations, which can be coupled to alarm and/or call systems.
[0003] There are shock sensors worn by people, which give
off an alarm if these people are subjected to shock. However,
for this type of detection system to be efficacious, the person
would have to wear a large number of these sensors, in prin-
ciple one on each salient body part, so this is not a practical
solution. There are also verticality sensors which detect
whether a person is lying down or upright. However, with this
type of sensor, it is impossible to know whether a person is
lying down voluntarily (rest, nap) or if he has been victim of
a fall. The performance of a fall sensor can thus be appreci-
ated only by factors of sensitivity (capacity of the system to
detect all falls) and specificity (capacity of the system to
detect falls only). Yet, a fall can take multiple forms (front,
rear, side, straight or with rotation of the body, ending up in a
prostrate or seated position, etc.).

[0004] It is therefore almost impossible for a fall sensor to
discriminate exhaustively between real falls and false falls.
Also, the same fall motion, even the simplest (for example a
rearwards fall after slipping) can turn out to be variable
according to context and subject. Consequently, it is not pos-
sible to attain total sensitivity and total specificity with fall
detection means which are reasonable in terms of their bulk,
complexity and cost. Also, this type of equipment is not
capable of detecting a critical situation especially due to a
health problem when the person is lying down, for example.
[0005] The same type of problem can occur with a cardiac
rhythm sensor, where a situation can be normal in a certain
context and alarming in another.

[0006] Ttis also known to further improve the performance
of asensor such as a fall sensor by combining the information
it puts out with geographical or time information (GPS geolo-
calisation, duration of immobilisation, . . . ). Document EP 0
877 346 is a particular example. But the system described in
this document involves a certain technical complexity and
associated costs.

[0007] Theaim ofthe present invention is to eliminate these
limitations of the prior art and propose a process and equip-
ment which will, without increasing technical complexity or
cost, bring about improved discrimination due to decision
strategy based on measuring physiological parameters to
detect a critical situation of a subject.

[0008] For this purpose, a process for detecting a critical
situation of a subject by measuring a physiological parameter
on the subject is provided according to the invention, charac-
terised in that it comprises the following steps:

[0009] (a) measuring the physiological parameter by means
of an embedded sensor on the subject,

[0010] (b) calculating a variation rate of the physiological
parameter,
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[0011] (c) determining a synthesis variable for the physi-
ological parameter by taking into account at the same time the
value of the parameter and its variation rate, and

[0012] (d) detecting a critical situation from this synthesis
variable.
[0013] Such a process reliably detects a critical situation,

but without so much increasing the cost and complexity of the
device, the decision part being made by a data-processing unit
already present in such devices and requiring no supplemen-
tary equipment.

[0014] Advantageously, though optionally, the invention
comprises at least one of the following characteristics:
[0015] the process comprises implementing steps (a) to (c)
for at least two physiological parameters, and further com-
prises the following step:

[0016] (c') determining a global decision variable from the
different synthesis variables, the critical situation being
detected in step (d) from this global decision variable.
[0017] the physiological parameters are selected from the
following parameters: cardiac frequency, respiratory fre-
quency, and temperature of the subject, level of activity of the
subject, glycaemia of the subject.

[0018] determination of the global decision variable is done
by a weighted combination of synthesis variables determined
for each of the physiological parameters.

[0019] detection of a critical situation comprises compatri-
son of the global decision variable with one or more threshold
values.

[0020] determination of the synthesis variable for a physi-
ological parameter comprises comparison of the value of the
parameter with one or more threshold values.

[0021] determination of the synthesis variable for a physi-
ological parameter comprises comparison of the variation
rate of said physiological parameter with one or more thresh-
old values.

[0022] the value of the parameter is compared to two
threshold values to determine if the value of the parameter is
low, normal or high, and the variation rate of the parameter is
compared to a threshold value to determine if the variation
rate of the parameter is weak or strong.

[0023] the value of the synthesis variable is:

[0024] (1) higher if the value of the parameter is high than
if the value of the parameter is normal,

[0025] (2) higher if the value of the parameter is low than if
the value of the parameter is normal,

[0026] (3) higher if the variation rate of the parameter is
strong than if the variation rate of the parameter is weak.
[0027] the process further comprises the following step:
[0028] (e) remote transmission via a wireless link of the
existence of said critical situation.

[0029] The invention also proposes detection equipment of
a critical situation of a subject, characterised in that it com-
prises:

[0030] at least one embedded sensor capable of measuring
a physiological parameter, and

[0031] a processing unit capable of receiving the values
measured by the sensor or sensors and for calculating a varia-
tion rate of the or of each of the physiological parameters, and
determining a synthesis variable for the or each of the physi-
ological parameters by taking into account at the same time its
value and its variation rate, for the parameter or forat least one
of the parameters.
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[0032] Preferred, though non-limiting, aspects of this
equipment are the following:

[0033] the processing unit is capable of executing the pro-
cess such as defined hereinabove in steps (b), (¢), (¢') and (d).
[0034] the equipment is fully embedded on the subject and
further comprises remote transmission means of information
relative to the existence of a critical situation.

[0035] the equipment comprises an embedded device
including the sensors and an external station housing at least
part of the processing unit and further comprising remote
transmission means of information relative to the existence of
a critical situation.

[0036] Other characteristics, aims and advantages of the
present invention will emerge from the following detailed
description, in relation to the attached diagrams given by way
of non-limiting examples in which:

[0037] FIG. 1 is a schematic representation of equipment
according to the invention;

[0038] FIG.2is aschematic diagram of a process according
to the invention; and

[0039] FIG. 3 is another schematic diagram of a process
according to the invention.

[0040] The following description describes a remote sur-
veillance system of persons based on one or more embedded
detectors sensitive to movements of the body of the person
(especially accelerometers) and to the vital variables of the
person (for example a sensor for cardiac rhythm, respiratory
rhythm, arterial pressure, etc. and more generally of any
variable sensed on the human body and likely to have a
correlation with the state of health). Throughout the docu-
ment “physiological parameters” stands for all variables mea-
sured by the detection equipment.

[0041] Inreferenceto FIG. 1, fall detection equipment 300
according to the invention comprises a central processing unit
30 linked to a memory 31, the whole being made for example
in the form of a microcontroller and powered by an onboard
power source such as a battery 36. The memory 31 especially
contains the detection program, as will be described below,
and the associated data. A set of embedded sensors 32a to 32e
is connected to inputs of the central unit 30, each being
capable of measuring a physiological parameter of the sub-
ject.

[0042] For example, inclination sensors and movement
sensors can be utilised to measure the inclination and con-
stituent of the acceleration of gravity along the torso and leg
of the person. So for example, if the person is leaning against
awall and his torso stays vertical, the sensor placed on the legs
could indicate if the person falls.

[0043] More generally, such sensors 32a to 32¢ can be
provided for measuring, for example:

[0044] cardiac frequency,
[0045] respiratory frequency,
[0046] temperature of the subject, or the relation between

the temperature of the subject and ambient temperature,
[0047] the level of activity of the subject (determined for
example by the same sensors as those used to detect a fall),
[0048] glycaemia, for example by means of a glucose sen-
sor commercially available from one of the companies
Medtronic, Abbott and Dexcom.

[0049] A sounddevice 33 is connected to the central unit 30
so that the equipment can emit a sound alert signal when a fall
is detected. In the same way, the detection equipment 300 is
connected via a transmitter device, not shown here, to an
external station 34 which is responsible for transmitting the
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alert signal to a remote surveillance centre 35 via hertzian or
telephone connection or via internet. When it detects no fall,
the central unit 30 can deliver a normal situation signal at
regular time intervals to indicate that the equipment is oper-
ating. The central unit 30 can also supply at regular time
intervals or not a signal indicating that the equipment is being
worn by the person and that the latter is being monitored.

[0050] In one embodiment, processing of measurements
originating from the sensors is carried out at the external
station 34, the control unit 30 in this case simply serving to
transmit measurements of the sensors 32a to 32¢ to the exter-
nal station 34. It can be provided in this case that the external
station 34 has a sound device designed to emit a sound alert
signal more powerful than that of the detection equipment
300 in the event of a detected fall.

[0051] Accordingly, either the equipment is fully embed-
ded on the person and comprises remote transmission means
of information relative to the existence of a critical situation,
or the equipment comprises an embedded device including
sensors and an external station housing at least part of the
calculator and further comprising remote transmission means
of information relative to the existence of a critical situation.

[0052] According to the invention, a critical situation of a
subject wearing the equipment is detected on the basis of a
combination of measurements of the device. Using this com-
bination, the equipment can detect whether an alert should be
triggered or not.

[0053] More particularly, it is provided that measurement
of a physiological parameter supplied by the detection equip-
ment does not necessarily have the same weight according to
the physiological parameter, the value of this parameter and
the variation rate of this parameter.

[0054] The process according to the invention, carried out
by the central unit 30 or by the external station 34 (or even
shared between them), comprises the following steps:

[0055] measuring each of the physiological parameters,

[0056] calculatinga variation rate of each of the physiologi-
cal parameters,
[0057] determining a synthesis variable for each of the

physiological parameters by taking into account at the same
time the value of the parameter and its variation rate,

[0058] in the event where several physiological parameters
are considered, determining a global decision variable for all
of the latter, and

[0059] detecting a critical situation from this global deci-
sion variable.
[0060] Inreference to FIG. 2, a decision process according

to the invention will now be detailed. Each physiological
parameter p is defined by its instantaneous value p and its
tendency Ap (absolute value of the variation of the value p
between two measuring times separated by a fixed interval). A
measuring validation process is advantageously provided, for
example by validating a measurement only if its value corre-
lates to the preceding values of this measurement.

[0061] Two threshold values ph (high) and pb (low) are
defined for each parameter p, as well as a threshold value Aps
for the tendency Ap.

[0062] Inthis way, a comparison is made at 14 between Ap
and the threshold Aps, a comparison is made at 16 between
the value p and the threshold ph, and a comparison is made at
18 between the value p and the threshold pb.
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[0063] For example, if the physiological parameter is the
body temperature (normal value 37° C.), the three threshold
values of the parameter can be:

[0064] ph=40° C.

[0065] pb=35° C.

[0066] Aps=1° C/hour.

[0067] These thresholds can be determined by expertise of

one or more physicians utilising their knowledge of human
physiology and their practical experience. These thresholds
canbe also determined by statistical analysis on data recorded
on a subject (intra-subject analysis) or on a group of subjects
belonging to a target population (inter-subject analysis). This
statistical analysis can be carried out once only, or else peri-
odically, to take into account the evolution of the subject or of
the target population (seasonal variations, tendencies due to
aging).

[0068] Advantageously, some of these thresholds, in the
configuration of the system, can be adjusted as a function of
certain known parameters, physiological or not, of the sub-
ject, such as age, sex, mass index, antecedents, lifestyle,
various environmental factors, etc. For example, for a person
of high mass index, the glycaemia threshold values will be
higher, the cardiac and respiratory frequency tendency
thresholds will be higher, etc.

[0069] These threshold variables can be periodically
updated manually or automatically in the event where these
known parameters vary, and in the event where the system is
capable of recognising these variations (age for example).

[0070] From the results of these comparisons, the process
calculates a synthesis value of the physiological variable D.
The aim of this value is to supply simplified information of
the state of the physiological parameter. Throughout the
document, it is agreed that the higher the synthesis value D,
the more disturbing the state of the physiological variable.

[0071] The values of a parameter p can be compared rela-

tive to its thresholds ph and pb and its tendency Ap relative to
the threshold Aps:

[0072] If p<pb, then p is too low:;

[0073] If p>ph then p is too high;

[0074] If pb<p<ph then p is normal,

[0075] If Ap>Aps then the tendency Ap is strong, otherwise
it is weak.

[0076] A synthesis matrix for the parameter p is then

worked out in step 11, as follows for example:

Low Normal High
Weak 0.5 0 0.5
Strong 1 0.5 1

[0077] in which the lowest synthesis value (D=0) is
worked out if the level of the parameter and its variation do
not signify trouble, and the highest synthesis value (D=1) if
the parameter moves too far away from normal at the same
time by its value and its tendency, and can therefore signify
trouble.

[0078] Accordingly, from a synthesis matrix and compari-
sons made insteps 14, 16 and 18, step 11 outputs the synthesis
value D.
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[0079] For example, if the physiological parameter is car-
diac frequency (nominal value of 70 beats per minute or BPM
at rest for any given person) with:

[0080] ph=100 BPM

[0081] pb=40 BPM

[0082] Aps=15 BPM/minute

[0083] ifatany given instant p=60 BPM with Ap=20 BPM/

min is registered, the parameter p ofa level of synthesis D=0.5
will be assigned.

[0084] At any given instant, the values of n physiological
parameters are known:

[0085] <pi>=[pl, p2....pi...pn]

[0086] and their tendencies:

[0087] <Api>=[Apl, Ap2, ... Api...Apn]

[0088] For each ofthese parameters, thresholds phi and pbi

are fixed, as well as tendency thresholds Apsi.

[0089] The synthesis values <Di>=[D1,D2,...Di...Dn]
are therefore calculated.

[0090] As has been pointed out, the parameters taken into
consideration can especially be cardiac frequency, respiratory
frequency, temperature of the subject, or the relation between
the temperature of the subject and ambient temperature, the
level of activity of the subject (determined for example by
accelerometers) and glycaemia.

[0091] In reference to FIG. 3, a weight mi is assigned to
each synthesis value Di of a parameter pi. So, in block 21 a
weight vector mi <mi>=[ml, m2, ... mi...mn] is assigned,
for example, such as Xmi=1 (the sum of all weights is equal to
1) and in block 20 a vector of the synthesis value di, <Di>=
[D1, D2, ...Di...Dn]is assigned. These two blocks are
linked to block 22, in which a fusion value denoted Fusion is
calculated, such as for example:

Fusion=2mi*Di

[0092] This value constitutes a global decision variable
representative of the state of the synthesis values of the dif-
ferent physiological parameters, by taking into account their
importance due to weighting; this information helps decide
whether a critical situation is detected or not.

[0093] Therefore, at block 25 the fusion value is compared
to one or more threshold values with the aim of detecting a
critical situation and triggering or not an alarm signal.
[0094] Forexample, it can be established by agreement that
if Fusion >0.5 then this means the presence of a critical
situation.

[0095] Alternatively, two thresholds on fusion can be envis-
aged, for example:

[0096] 1f0.3<Fusion<0.7, thenthis means the presence ofa
situation of major concern (orange alert);

[0097] and if 0.7<Fusion then this means the presence of a
critical situation (red alert).

[0098] Here is a concrete example with cardiac frequency
(Fc in BPM), respiratory frequency (Fr in nb/mn) and body
temperature (T in ° C.) as parameters:

mini  maxi low high tendency
parameter  value value  threshold threshold threshold weight

Cardiac 30 180 60 90 13 0.5
freq. (Fc)

respiration 1 10 4 7 0.9 0.3
(Fr)

Temper- 35 42 36 39 0.7 0.2
ature (T)
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-continued
case 1 case 2 case 3
parameter Fe 70 50 100
parameter 0 1 1
threshold
tendency DFc 5 5 15
tendency 0 0 1
threshold
Fe decision D1 0 0.5 1
parameter Fr 5 4 3
parameter 0 0 1
threshold
tendency DFr 0.5 1 1
tendency 0 1 1
threshold
Fr decisions D2 0 0.5 1
parameter T 36.4 35 41
parameter 0 1 1
threshold
tendency DT 0.5 2 2
tendency 0 1 1
threshold
decision T D3 0 1 1
Fusion 0.00 0.60 1.00
Alert no orange red
[0099] in the first case, there is nothing abnormal.

[0100] in the second case, a first alert level (orange) is
reported, since cardiac frequency is low, respiratory fre-
quency is normal though has a tendency to drop, and body
temperature is low.

[0101] thelast case tends towards tachycardia (already high
cardiac frequency continuing its acceleration); on the con-
trary low respiration does not follow this rhythm and there is
also risk of an infectious outbreak by the high temperature.

1. A process for detecting a critical situation of a subject by
measuring a physiological parameter on the subject, the pro-
cess comprising the following steps:

(a) measuring the physiological parameter by means of an

embedded sensor on the subject;

(b) calculating a variation rate of the physiological param-
eter,

(¢) determining a synthesis variable for the physiological
parameter by taking into account at the same time the
value of the parameter and its variation rate; and

(d) detecting a critical situation from this synthesis vari-
able.

2. The process as claimed in claim 1, comprising imple-
menting steps (a) to (c) for at least two physiological param-
eters, and further comprising the following step:

(¢") determining a global decision variable from the differ-
ent synthesis variables, the critical situation being
detected in step (d) from this global decision variable.

3. The process as claimed in claim 2, wherein the physi-
ological parameters are selected from the group consisting of
cardiac frequency. respiratory frequency, temperature of the
subject, level of activity of the subject, and glycaemia of the
subject.

4. The process as claimed in claim 2, wherein determina-
tion of the global decision variable is done by weighted com-
bination of the synthesis variables determined for each of the
physiological parameters.

5. The process as claimed in claim 2, wherein detection of
a critical situation comprises comparison of the global deci-
sion variable with one or more threshold values.
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6. The process as claimed in claim 1, wherein determina-
tion of the synthesis variable for a physiological parameter
comprises comparison of the value of the parameter with one
or more threshold values.

7. The process as claimed in claim 1, wherein determina-
tion of the synthesis variable for a physiological parameter
comprises comparison of the variation rate of said physiologi-
cal parameter with one or more threshold values.

8. The process as claimed in claim 6, wherein determina-
tion of the synthesis variable for a physiological parameter
comprises comparison of the variation rate of said physiologi-
cal parameter with one or more threshold values, wherein the
value of the parameter is compared to two threshold values to
determine if the value of the parameter is low, normal or high,
and wherein the variation rate of the parameter is compared to
a threshold value to determine if the variation rate of the
parameter is weak or strong.

9. The process as claimed in claim 8, wherein the value of
the synthesis variable is:

higher if the value ofthe parameter is high than if the value

of the parameter is normal,

higher if the value of the parameter is low than if the value

of the parameter is normal, and

higher if the variation rate of the parameter is strong than if

the variation rate of the parameter is weak.

10. The process as claimed in claim 1, further comprising
the following step:

(e) remotely transmitting via wireless link of the existence

of said critical situation.

11. An apparatus for detecting a critical situation of a
subject comprising,

atleast one embedded sensor capable of measuring a physi-

ological parameter, and

aprocessing unit configured to receive the values measured

by the sensor or the sensors and calculating a variation
rate of the physiological parameter or of each of the
physiological parameters, and determine a synthesis
variable for the physiological parameter or each of the
physiological parameters by taking into account its
value and its variation rate at the same time, for the
parameter or for at least one of the parameters.

12. The apparatus as claimed in claim 11, comprising at
least two embedded sensors configured to measure at least
two different physiological parameters, and in which the pro-
cessing unit is configured to (a) measure the physiological
parameter by means of an embedded sensor on the subject; (b)
calculate a variation rate of the physiological parameter; and
(c) determine a synthesis variable for the physiological
parameter by taking into account at the same time the value of
the parameter and its variation rate for at least two physiologi-
cal parameters, and wherein the processing unit is further
configured to (¢') determine a global decision variable from
the different synthesis variables, and (d) detect a critical situ-
ation from the global decision variable.

13. The apparatus as claimed in claim 11, wherein the
apparatus is fully embedded on the subject and further com-
prises remote transmission means of information relative to
the existence of a critical situation.

14. The apparatus as claimed in claim 11, further compris-
ing an embedded device including the sensors and an external
station housing at least part of the processing unit, and further
comprising remote transmission means of information rela-
tive to the existence of a critical situation.
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